PROMOTER (CROTON OIL)
Computer modelling studies conducted in our laboratory5 have been directed at the elucidation of how plant derived compounds such as PMA exert their profound effect on mammalian systems. An important opportunity to understand this process occurred when Fujiki and coworkers6 reported that certain alkaloids, while structurally very different from the diterpene PMA, potentiate similar biological responses to PMA, including mouse skin tumor promotion. Extensive modelling studies in our group have since revealed that these as well as other comparably active agents, along with the endogenous activator of PKC, namely diacyl glycerols, possess a common set of functionalities which presumably are required for recognition by and activation of PKC (Fig. 2) . Further studies in this area have shown that this model extends to more recently recognized tumor promoters such as aplysiatoxin and bryostatins.7 Significantly, we have also been able to use this model to design, for the fist time, non-natural compounds which have since been shown to be competent activators of PKC.5a It is expected that these new agents and this predictive model w i l l greatly expand our knowledge of the molecular role of PKC in tumor promotion as well as normal cellular signal transduction.
DIACYLGLYCEROL
Concurrent with and in support of the above studies, we have embarked on a program directed at the synthesis of PMAand related diterpenes of the ingenane and daphnane families as well as their analogs (Fig. 3) . It was our intent, then and now, to develop the synthetic expertise needed to address the above-noted biochemical issues while simultaneously establishing a methodology for addressing the specific and general synthetic problems posed by these diterpene promoters. In our analysis, we expected that an approach to the three biosynthetically related families of diterpenes could be fashioned through the divergent elaboration of a bicyclic system possessing the B and C rings of phorbol (Fig. 3 ). Since such a system, composed of fused seven-and six-membered rings, would be conformationally mobile, it was recognized that attachment of the C9 oxygen in the seven-membered ring to the C6 center would induce rigidity in this subunit, thereby allowing for the stereopredictive introduction of substituents at C4, C10, C13, and C14. Further interest in this approach derived form the opportunity it presented to explore novel [4+2] and [5+2] cycloaddition approaches to six-and seven-membered rings embedded in a polycyclic net work. A recent report detailed the successful implementation of the former strategy,g while our efforts on the latter will be the second subject of this lecture.
The key to our approach to the phorbol B-C ring system was based on a relatively little studied [5+2] cycloaddition of oxido-pyrylium ions with 01efins.~ Indeed, at the outset of these studies, even the factors which control stereoinduction in this homolog of the Diels-Alder reaction had not been addressed. Our plan (Fig. 4) called for the tethering of a pyrylium ion precursor to a "pyrylium-ophile" such that in the cycloaddition the tether would be expected to assume a chair-like conformation and, consequently, any tether attachments such as the C11 methyl would be preferentially equatorially oriented. Gratifyingly, the execution of this plan resulted in a completely stereocontrolled cycloaddition which allowed, in eight steps overall, for the efficient and concise synthesis of the phorboid B-C ring system. Figure 5 describes the methodology which was deployed for the attachment of the phorbol A ring onto the cycloaddition derived B-C ring system. A noteworthy feature of this sequence is the high stereocontrol that was achieved in the generation of the C10 and C4 stereogenic centers, an expected attribute of the oxygen bridged B-C system. Thus, the C 10 stereocenter arises through kinetically controlled axial protonation of a regiospecifically obtained ClO-C4 enolate, while the C4 stereochemistry is attributable to the facial bias imparted by the ethano bridge on the C4 ketone x-system. Following the establishment of these stereocenters, the A-ring was then formed through a nitrile-oxide/olefm cycloaddition. 
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The completion of the first synthesis of phorbol followed the plan in Figure 7 , conservatively fashioned in response to the sensitivity of these highly functionalized tetracycles. This subsequence required the successful execution of three objectives: cleavage of the B ring ether bridge and B ring functionalization, control of the C12 stereocenter, and A-ring functionalization. A discussion of the salient aspects of this final stage of the synthesis resulting in the synthesis of phorbol will be given.
I FIGURE 71
COMPLETION OF THE SYNTHESIS In summary, computer modelling studies conducted in our laboratory have provided a hypothesis for the functionality requirements for PKC activation by both exogenous and endogenous PKC activators. This hypothesis has been used to design the fist PKC activators which are not derived from natural activators or their analogs. Finally, the first synthesis of phorbol-the parent polyol of the most potent tumor promoters-has been completed. These efforts open new opportunities for synthesis and for the investigation of carcinogenesis and related phenomena at the molecular level.
